1996.-The aging process is associated with alterations in the autonomic control of cardiovascular function. In the present study, we observed that reflex bradycardia and tachycardia produced by pressor and depressor agents were attenuated in old (24 mo) rats [70 and 56% of responses in young rats (4 mo), respectively].
.-The aging process is associated with alterations in the autonomic control of cardiovascular function. In the present study, we observed that reflex bradycardia and tachycardia produced by pressor and depressor agents were attenuated in old (24 mo) rats [70 and 56% of responses in young rats (4 mo), respectively].
In contrast, the bradycardia induced by chemoreflex activation with increasing doses of KCN (60, 100, 140 , and 180 ug/kg) was greater in old [-30 2 19, -155 t_ 32, -198 t 15, and -204 t 24 beats/ min (bpm)] than in young rats L-13 ? 6, -75 ? 20 (P < 0.05), -99 ? 26 (P < O.OS), and -103 t 20 (P < 0.05) bpm]. The chemoreflex-pressor responses tended to be greater in old (12 or 6, 47 t 6, 54 2 7, and 55 t 5 mmHg) than in young rats (4 t 2, 32 t 8, 42 t 6, and 44 5 4 mmHg), but the differences between both groups were not statistically significant. However, pressor responses were higher in old rats after the chemoreflex-activated bradycardia was attenuated by atropine (4 mg/kg iv) [old (17 t 9, P < 0.05; 57 t 4, P < 0.05; 61 2 4; and 64 t 5 mmHg) vs. young (3 It 2, 29 t 9, 50 t 5, and 58 ? 7 mmHg)]. Administration of the cxi-blocker prazosin (1 mg/kg iv) blunted pressor responses but did not change the bradycardia induced by chemoreflex in both groups. In conclusion, our data indicate that the bradycardia and pressor responses to chemoreflex activation were exaggerated, whereas the heart rate responses (bradycardia and tachycardia) to baroreflex were depressed in old rats. aging; chemoreceptor reflexes; baroreceptor reflexes; heart rate; neural cardiovascular control THE AGING PROCESS is associated with a number of changes in the cardiovascular control by the autonomic nervous system (2, 6, 12). Many of the studies in this area have been focused on the arterial and cardiopulmonary baroreflex in the control of cardiovascular function (3-5, 9a, 10, 14, 19) . The data available indicate that the parasympathetic and sympathetic reflex control are impaired with age. The alterations in the heart rate reflex control are related to a depression in the cardiac parasympathetic control. Although age-related changes in the vascular sympathetic control have been demonstrated, their relative contribution to arterial pressure control is not so evident. The lmechanisms by which the aging process leads to a depression of baroreflex function are not completely understood. Some evidence indicates that they are mostly related to alterations of neural mechanisms. However, alterations in the effector organs, primary to the aging process or secondary to changes in the reflex control of the cardiovascular system, have also been demonstrated (2, 4, 10, 19) . The peripheral chemoreceptors are another group of receptors involved in the reflex control of the cardiovascular system. Alterations of chemoreflex function have been implicated in the pathogenesis of autonomic changes observed in disorders most prevalent in old individuals, such as obstructive sleep apnea and hypertension (7, 20) . However, the consequences of aging on cardiovascular autonomic control by chemoreflex are poorly understood. In young adult rats, the chemoreceptor function has been reported to be located only in the carotid afferents (1, 8, 9, 17) . Recently we demonstrated that intravenous injections of KCN activate the carotid body chemoreflex in conscious rats (8, 9) . Following KCN injections, dose-dependent bradycardia, hypertension, tachypnea, and alerting were observed. This conscious rat preparation allows repeated study of the baroreflex and chemoreflex in the same animal without the complications associated with anesthesia.
Although different receptors and stimuli activate baroreflex and chemoreflex, both reflexes are integrated and controlled by a common neural network (1). Therefore, the combined study of these reflexes may disclose specific age-related alterations in the cardiovascular autonomic control. To examine the consequences of the aging process on the cardiovascular control (heart rate and arterial pressure) by peripheral chemoreceptors and baroreceptors, we compared cardiovascular responses of young adult (4 mo old) and old (24 mo old) rats. The same animal was used to study the cardiovascular responses to chemoreflex activated by KCN and to baroreflex activated or deactivated by vasoactive drugs. 
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Instrumentation. Arterial and venous cannulas were implanted in rats 2 days before the experiments.
Under ether anesthesia, polyvinyl-tipped Tygon cannulas filled with heparin in normal saline were inserted into the abdominal aorta and inferior vena cava through the left femoral artery and vein, respectively.
The free ends of the cannulas were tunneled subcutaneously and exteriorized at the back of the neck. On completion of the operation, all rats were treated with a single injection (60,000 U) of penicillin G benzathine (Benzetacil, Fontoura-Wyeth, Sao Paulo, Brazil). Each rat was then maintained in a 25 X 15 X IO cm Plexiglas cage with a grid floor for the duration of the experiment. The animals had free access to water and laboratory stock-diet. Cardiovascular monitoring.
The arterial cannulas of unrestrained rats were connected to a pressure transducer (Statham P23Db; Hato Rey, Puerto Rico) for the recording period. Mean arterial pressure and heart rate were obtained electronically from the arterial pulse. The venous catheters were attached to an extension tubing for drug infusion.
Experimental sequence. After the connection to the transducer, there was a lo-to 15min waiting period until the rats became quiet. Increasing doses of phenylephrine (Sigma) and sodium nitroprusside (Sigma) were injected intravenously to test the baroreceptor-heart rate reflex. After the heart rate and arterial pressure returned to baseline values, increasing doses of KCN (60, 100, 140, and 180 ug/kg) were injected intravenously to test the chemoreflex before and after atropine administration (4 mg/kg) to eliminate the bradycardic responses. The next day, the rats were submitted to KCN injections before and after administration of the al-blocker prazosin to eliminate pressor responses. Statistical analysis. Values are expressed as means 2 SE. Differences between old and young rats for arterial pressure and heart rate responses to KCN as well as the differences between the slopes of the relation between arterial pressure and heart rate responses to pressor and depressor agents were evaluated for statistical significance using Student's t-test for unpaired data. Probability levels co.05 were considered significant for all tests.
RESULTS
There were no significant differences in the baseline values between old and young adult rats for mean arterial pressure (117 2 4 vs. 115 5 4 mmHg) or heart rate [348 t 19 vs. 326 t 9 beats per minute (bpm)]. Figure 1 summarizes the changes in mean arterial HR @pm) pressure and heart rate produced by increasing intravenous doses of phenylephrine and sodium nitroprusside. The heart rate responses for both increases and decreases in arterial pressure were markedly attenuated in old rats. This was confirmed by the regressions of the relationship between changes in mean arterial pressure and changes in heart rate (an index of baroreceptorheart rate reflex sensitivity), as demonstrated in Fig. 1 . For arterial pressure increases, the mean slopes were 0.8 ? 0.1 and 2.6 t 0.6 mmHg/bpm (P < 0.05), and for arterial pressure decreases the mean slopes were 1.9 5 0.5 and 3.3 t-0.3 mmHg/bpm (P < 0.05) for old (n = 6) and young adult rats (n = 7), respectively.
Intravenous injections of increasing doses of KCN produced dose-dependent pressor and bradycardic responses in both young adult and old rats. The bradycardia evoked by chemoreflex activation (Fig. 2) was enhanced in old [-30 t 19, -155 or 32 (P < 0.05), -198 t 15 (P < 0.05), and -204 t 24 (P < 0.05) bpm; n = S] compared with young adult rats (-13 t 6, -75 t 20, -99 t 26, and -1103 ? 20 bpm; n = 7). Although the pressor responses (Fig. 3) induced by chemoreflex tended to be higher in old rats, the differences between the two groups were not statistically significant. After administration of the muscarinic blocker atropine (4 mg/kg), the baseline mean arterial pressure remained unchanged (young = 115 t 3.9 and old = 117 5 5 mmHg), but the heart rate increased significantly more in young adult (37%) than in old rats (24%) (121 ? 23 vs. 85 t 13 bpm, respectively; P < 0.05).
Atropine also attenuated markedly the bradycardia evoked by chemoreflex activation and abolished the differences between old and young adult rats (old: 0.3 2 3, -2 5 4, -18 ? 5, and -20 t 7 bpm; young: 0.6 ? 4, -3.5 5 5, -22 t 6, and -30 ? 5.5 bpm).After atropine administration, arterial pressure responses to low doses of KCN (60 and 100 ug/kg) were greater in old than in young rats [old: I7 t-8 (P < O.OS), 57 k 3.5 (P -=c 0.05), 61 t 4, and 64 ? 4.4 mmHgvs. 3 t-1.7, 29 ltl 9.5, 60 t 10, and 58 t: 7.5 mmHg]. The q-blocker prazosin (1 mg/kg) blunted pressor responses of both old and young adult rats, but the heart rate responses to KCN 
DISCUSSION
The present data indicate that aging in rats is associated with 1) hyperresponsiveness of cardiacvagal activation by chemoreflex, as shown by the greater bradycardia produced by chemoreflex activation in old than in young adult rats and 2) hyporesponsiveness of cardiac-vagal activation or deactivation by baroreflex, demonstrated by the reduced heart rate responses to arterial pressure changes induced by vasoactive drugs in old rats. The pressor responses produced by chemoreflex activation were greater in old than in young adult rats after the differences in the heart rate responses were abolished by atropine. This Values are means + SE. *P < 0.05.
suggested that the vascular-sympathetic activation by the chemoreflex is hyperresponsive in old rats.
The opposing changes in cardiac-vagal activation by chemoreflex and baroreflex in old rats were relatively unexpected. Because chemoreflex and baroreflex are integrated by a common neural network, the aging process would be predicted to affect cardiac-vagal responsiveness to both reflexes equally. In previous studies (8, 9>, we demonstrated that activation of carotid body chemoreceptors is the major determinant of the cardiovascular responses to intravenous KCN in conscious rats. Selective denervation of carotid bifurcation area (9) or selective elimination of carotid body chemoreceptors by carotid body artery ligation (8) abolished the heart rate and arterial pressure responses to intravenous KCN, indicating the reflex nature of those responses. The relative contribution of parasympathetic and sympathetic efferents to chemoreceptorheart rate and chemoreceptor-arterial pressure reflex induced by KCN was characterized by pharmacological autonomic blockades. Administration of atropine attenuated markedly the bradycardia, whereas propranolol did not change significantly the heart rate responses to intravenous KCN. This indicated that the heart rate responses to KCN were almost completely determined by cardiovagal activation. On the other hand, administration of the oli-blocker prazosin abolished pressor responses to intravenous KCN, indicating that sympathetic activation is the most important determinant of the pressor responses observed after intravenous injections of KCN. Based on those data, we interpreted the changes in the heart rate and arterial pressure responses in old rats as age-related changes in the responsiveness of the parasympathetic and sympathetic efferents to activation by the chemoreflex.
In the present study, we also confirmed previous observations that baroreceptor-heart rate reflex is depressed in old rats (4, 19) . Although baroreflex control of cardiac-sympathetic efferents has been reported to be depressed in aged animals (2,6,12), the impairment of the baroreflex control of cardiac vagal neurons appears to be the major determinant of the changes in heart rate control with age (2, 15).
The greater pressor response to chemoreflex activation in old rats was another new finding of the present study. The lack of more complete hemodynamic data and sympathetic nerve recordings could raise doubts whether differences in pressor responses indeed reflect differences in vascular resistance responses. However, indirect evidence in the present and in previous studies from our laboratory (9) indicates that the increase in the peripheral resistance produced by sympathetic system is the major determinant of arterial pressure changes during chemoreflex activation by KCN. Differences in cardiac output secondary to differences in heart rate responses were probably eliminated by the muscarinic blockade, which disclosed differences in the pressor responses between old and young adult rats. In addition, in previous studies (9) 
